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(54) SPECIFYING METHOD FOR FAILURE MODE 

(57)Abstract: 

PURPOSE: To provide a specifying method for a failure mode, capable of 
specifying the failure mode in non destruction easily and speedily. 
CONSTITUTION: When a logical motion test pattern (FTP) is inputted to 
a CMOS logical circuit, a leak current Iddq in a static state of logical 
motion extracts this FTP at a time when abnormality of this leak current 
Iddq flowing beyond a specified value is produced. A relationship of supply 
voltage vs. supply current known called a 'V-I characteristic* in the FTP 
at the time when this Iddq abnormality is produced, is examined. Next, the 
distinctive feature of this examined V-I characteristic curve is extracted. 
When a failure mode is not narrowed down at stationary environment, the 
power source impression of a large scale integrated circuit LSI is 
contrived or the physical environment of this LSI to be measured in 
varied to some extent, and by emphasizing the feature of this V-I 
characteristic curve, the failure mode is clearly actualized. Then, the 
failure mode is specified on the basis of the examined V~I characteristic. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The logic actuation test pattern of arbitration is inputted one by one from the input terminal of a CMOS logical 
circuit. The power-source current in the quiescent state of logic actuation of this CMOS logical circuit is measured, 
respectively. Among those, the logic actuation test pattern which the abnormalities to which the power-source current in 
the quiescent state of logic actuation flows exceeding a predetermined value generate is extracted. The specific approach 
of the failure mode characterized by specifying failure mode from the change property curve of a power-source current 
which changes according to change of supply voltage where the extracted this logic actuation test pattern is impressed. 
[Claim 2] The change property curve of a power-source current which changes according to change of supply voltage 
where said extracted logic actuation test pattern is impressed is the specific approach of the failure mode according to 
claim 1 which carries out the description of being the curve of a supply voltage pair power-source current characteristic 
which changes by changing the power-source impression environment of said CMOS logical circuit. 
[Claim 3] Change of the power-source impression environment of said CMOS logical circuit is the specific approach of 
the failure mode according to claim 2 characterized by being change for every time amount of the arbitration of said 
supply voltage pair current characteristic where fixed supply voltage is impressed. 

[Claim 4] Change of the power-source impression environment of said CMOS logical circuit is the specific approach of 
the failure mode according to claim 2 characterized by being change for every time amount of the arbitration of said 
supply voltage pair current characteristic where a fixed abnormality quiescent-state power-source current is passed. 
[Claim 5] Change of the power-source impression environment of said CMOS logical circuit is the specific approach of 
the failure mode according to claim 2 characterized by being impressing a pulse voltage to supply voltage and changing 
said supply voltage pair current characteristic. 

[Claim 6] Change of the power-source impression environment of said CMOS logical circuit is the specific approach of 
the failure mode according to claim 2 characterized by being making the polarity of the supply voltage to impress into 
reverse, and changing said supply voltage pair current characteristic. 

[Claim 7] The change property curve of a power-source current which changes according to change of supply voltage 
where said extracted logic actuation test pattern is impressed is the specific approach of the failure mode according to 
claim 1 which carries out the description of being the curve of a supply voltage pair power-source current characteristic 
which changes by changing the physical environment of said CMOS logical circuit. 

[Claim 8] Change of the physical environment of said CMOS logical circuit is the specific approach of the failure mode 
according to claim 7 characterized by being changing the outside temperature of a large-scale integrated circuit which 
has this CMOS logical circuit. 

[Claim 9] Change of the physical environment of said CMOS logical circuit is the specific approach of the failure mode 
according to claim 7 characterized by being the existence of an exposure of the light on the front face of a chip of the 
large-scale integrated circuit which has this CMOS logical circuit. 

[Claim 10] Change of the physical environment of said CMOS logical circuit is the specific approach of the failure mode 
according to claim 7 characterized by being the existence of an exposure of the ion on the front face of a chip of the 
large-scale integrated circuit which has this CMOS logical circuit. 

[Claim 11] Change of the physical environment of said CMOS logical circuit is the specific approach of the failure mode 
according to claim 7 characterized by being the existence of an exposure of the electron on the front face of a chip of 
the large-scale integrated circuit which has this CMOS logical circuit. 

[Claim 12] It is [ claim 1 characterized by to detect failure mode, using respectively the inclination of the supply voltage 
value to which a power source current begins to flow rapidly in this supply voltage pair power source current 
characteristic, and a power source current, and the singular point of a property since failure mode specifies from the 
change property curve of a power source current which changes according to change of supply voltage where the logic 
actuation test pattern which said abnormalities generate is impressed thru/or ] the specific approach of failure mode 
given in any 1 term among 1 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the specific approach of failure mode, and when especially a certain logic 
test pattern is inputted, it relates to the approach of specifying the failure mode generated in the CMOS logical circuit 
which the abnormalities in leakage current in the quiescent state of the logic called Iddq generate. 
[0002] 

[Description of the Prior Art] Conventionally, the method of specifying the cause of generating of the failure generated 
inside the CMOS logical circuit from electrical characteristics was impossible except for the short circuit between power 
sources (short circuit between Vdd-GND). Therefore, the failure generating part was narrowed down using the logic test 
pattern, physical analysis of the failure part narrowed down to the degree was performed, and the cause of fault is 
investigated and detected. 

[0003] First, narrowing down of a failure part had the typical technique of extracting the potential map of an irradiating 
point, and a logic wave by detecting the secondary electron which is called an EB tester and which irradiates an electron 
on wiring of a large-scale integrated circuit (LSI), and is generated. 

[0004] Moreover, detection of a failure part had detected failure mode using microscopes (SEM, optical microscope, etc.) 
by performing appearance observation, or etching to a desired layer with laser etc. further, and observing [ / 
exposing a failure part ] by performing ******** of the part limited by the ion beam which is called FIB, and which 
converged. 

[0005] The method using the emission microscope (EMS) as a method which presumes failure mode is learned 
conventionally, and it is proposed by the 4th time dependability symposium (Vol.13/No.3 / November, 1991) "examination 
of the failure analysis technique of LSI by luminescence wavelength distribution" P.71 to P.76 of REAJ. This method is an 
analysis method which presumes the failure mode of LSI by analyzing the spectrum of the light emitted from the failure 
part of LSI in an emission microscope. 

[0006] Drawing 18 is an explanatory view for the analysis of LSI by the above-mentioned emission microscope. In this 
drawing, luminescence emitted from the failure part of LSI42 is observed by the optical microscope 43 placed above 
LSI42 carried on the DUT board 41. Luminescence observed by this optical microscope 43 is amplified with the font 
amplifier tube 45 called an image intensifier through the filter 44 which makes only the light wave length band of the 
arbitration called a band pass filter penetrate, is picturized by CCD camera 46. and is sent to an Image processing system 
47. In order that an emission microscope may detect minute luminescence from LSI42, a luminescence observation path 
is set in a dark room 48. Moreover, the image which was processed by the image processing system 47 and obtained is 
displayed by the cathode-ray tube (CRT) 49. 

[0007] By this conventional failure mode specification approach, by combining the function which integrates the quantity 
of light detected in the emission microscope, and the filter 44 which makes only the light wave length band of arbitration 
penetrate with a band pass filter, the amount of luminescence for every wavelength band is measured, and failure mode is 
presumed by observing the spectrum resulting from each failure mode. 

[0008] 

[Problem(s) to be Solved by the Invention] however, poor leak according [ the failure mode from which the failure mode 
detected in an emission microscope is detected by the specific method of the conventional failure mode mentioned above 
in the band since the light wave length band of a band pass filter 44 is limited with 400 to lOOOnm ] to poor opening of the 
gate electrode on a CMOS logical circuit, and gate oxide destruction — further — high resistance — it is the short 
circuit between wiring by the conductor etc., and the failure mode detected was limited, 

[0009] Moreover, although the failure mode detected was plotted by the graph which took the amount of luminescence in 
an arbitration graduation scale to the Y-axis called "luminescence spectrum", and took wavelength to the X-axis, the 
luminescence spectrum of the failure mode mentioned above is [ variation ] and was not deterministic. For example, 
drawing 19 is luminescence spectrum which shows the relation of the amount of luminescence to each wavelength of 
poor opening (inside B of drawing) of gate oxide destruction (inside A of drawing), and a gate electrode. When the variation 
in the spectrum configuration is mostly considered for the same configuration, it becomes impossible for the amount of 
luminescence to each wavelength of poor opening of gate oxide destruction and a gate electrode to presume failure mode 
to accuracy so that drawing 19 may show. 

[0010] Moreover, in order to have to perform failure analysis by the emission microscope from detection of a failure 
generating part first, It takes time amount great by specification (or presumption) of failure mode. Furthermore, the 
emission microscope had the fault of limiting the narrowing-down part of failure in order to make impossible detection of 
luminescence under wiring in LSI which has multilayer-interconnection structure. When leakage current was still larger, 
since the quantity of light became immense, it had a fault of it becoming impossible to use an emission microscope. 
[001 1] This invention was made in view of the above point, and aims at offering the specific approach of failure mode that 
failure mode can be easily specified by un-destroying by using the supply voltage pair power-source current 
characteristic in the test pattern which the abnormalities in leakage current in the quiescent state of the logic called Iddq 
generated. 

[0012] Moreover, other objects of this invention are to offer the specific approach of failure mode that failure mode can 



be specified promptly. 
[0013] 

[Means for Solving the Problem] This invention inputs the logic actuation test pattern of arbitration one by one from the 
input terminal of a CMOS logical circuit in order to attain the above-mentioned object. The power-source current in the 
quiescent state of logic actuation of a CMOS logical circuit is measured, respectively. Among those, the logic actuation 
test pattern which the abnormalities to which the power-source current in the quiescent state of logic actuation flows 
exceeding a predetermined value generate is extracted. Failure mode is specified from the change property curve of a 
power-source current which changes according to change of supply voltage where the extracted logic actuation test 
pattern is impressed. 

[0014] Moreover, the change property curve of a power-source current which changes according to change of supply 
voltage where the logic actuation test pattern which this invention extracted is impressed carries out the description of 
being the curve of a supply voltage pair power-source current characteristic which changes by changing the power- 
source impression environment of a CMOS logical circuit. 

[0015] Where fixed supply voltage is impressed, change of the power-source impression environment of the above- 
mentioned CMOS logical circuit here The change for every time amount of the arbitration of a supply voltage pair current 
characteristic, Where a fixed abnormality quiescent-state power-source current is passed, or the change for every time 
amount of the arbitration of a supply voltage pair current characteristic, Or it is characterized by being impressing a pulse 
voltage to supply voltage and changing. a supply voltage pair current characteristic, or making the polarity of supply 
voltage to impress into reverse, and changing a supply voltage pair current characteristic. 

[0016] Moreover, the change property curve of a power-source current which changes according to change of supply 
voltage where the logic actuation test pattern which this invention extracted is impressed carries out the description of 
being the curve of a supply voltage pair power-source current characteristic which changes by changing the physical 
environment of a CMOS logical circuit. 

[0017] Here, change of the physical environment of a CMOS logical circuit is characterized by being the existence of an 
exposure of the light on changing the outside temperature of a large-scale integrated circuit which has a CMOS logical 
circuit, or the front face of a chip of the large-scale integrated circuit which has a CMOS logical circuit, ion, or an 
electron. 

[0018] Furthermore, in this invention, since failure mode is specified from the change property curve of a power-source 
current which changes according to change of supply voltage where the logic actuation test pattern which abnormalities 
generate is impressed, in a supply voltage pair power-source current characteristic, a power-source current is 
characterized by detecting failure mode, using respectively the inclination of the supply voltage value which begins to flow 
rapidly, and a power-source current, and the singular point of a property. 
[0019] 

[Function] If a CMOS logical circuit has a physical defect inside a circuit, outlying observation will appear in the 
quiescent-state power-source current called "Iddq (Quiesent Vdd Supply Current)" as a general tendency. This 
description is reference (M.). [ Sanada "New ] Application of Laser Beam to Failure analysis of LSI with Multi-metal 
layers" MicroElectronics and Reliability, Vol.33, No.7. and pp.993- 1009 and 1993 — M.Sanada "Evaluation and Detection 
ofCMOS-LSI with Abnormal Iddq" MicroElectronics and Reliability, Vol.35, No.3, and pp.619- it is clear at 629 and 1995. 
[0020] This invention uses the abnormal occurrence condition of this Iddq value. That is, it is characterized by to specify 
failure mode by inputting into an input terminal FTP which the abnormalities in Iddq which flow exceeding a predetermined 
value generate, and investigating the relation of the power-source current which changes when changing the supply 
voltage called the "V-I property" then acquired, when the logic actuation test pattern called "FTP (Function Test 
Pattern)" is inputted into the input terminal of a CMOS logical circuit. The test pattern which the abnormalities in Iddq 
which actualize the physical failure inside a circuit generate is inputted into an input terminal. Moreover it can specify 
failure mode from the curve of the V-I property then acquired, in this invention Where fixed supply voltage is impressed 
as an approach of changing the power-source impression environment of LSI to measure, every time amount of 
arbitration The configuration of a property where it changed by measuring the V-I property in FTP in the abnormalities in 
Iddq which flow exceeding a predetermined value. The configuration of a property where it changed by measuring the 
above-mentioned V-I property for every time amount of arbitration where fixed Iddq abnormal current is passed. Since 
the V-I property detected by making the configuration of the V-I property of changing by Impressing a pulse voltage, and 
the polarity of supply voltage to impress into reverse was used so that it might superimpose on the supply voltage 
currently impressed, Failure mode can be specified where the curve of a V-I property is emphasized. 

[0021] Moreover, by changing the outside temperature of LSI as an approach of changing the physical environment of LSI 
to measure in this invention Since change of the V-I property before and behind a temperature change was inspected or 
change of the V-I property of changing with the existence of an exposure of the light on the front face of a chip of LSI. 
the existence of an exposure of an electron beam, and the existence of an exposure of ion was inspected. Failure mode 
can be specified where the curve of a V-I property is emphasized. 

[0022] Furthermore, this invention is characterized by specifying failure mode from change of the V-I property of 
changing by performing the device of power-source impression and the combination of the physical environment of LSI 
which were mentioned above, in order to detect the singularity of a V-I property. 

[0023] The parameter used since failure mode is specified in the V-I property mentioned above is the approach of 
specifying failure mode from the description of the configuration of the whole V-I property curve by this invention 
approach. Or the current on a V-I property curve is observing the parameter used in order to detect failure mode from 
the V-I property at the inclination (delta I/delta V value) of the electrical-potential-difference value which begins to flow 
rapidly, and a current, and the singular point (V, I value) of a V-I property. 
[0024] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 1 is the flow chart of one 
example of this invention approach, and is a flow chart which specifies the failure mode of the nonconformity generated 
inside the CMOS logical circuit. As shown in this drawing, FTP when the abnormalities in Iddq which first measure leakage 
current (static power-source current) Iddq in the quiescent state of logic actuation when inputting two or more known 
logic actuation test patterns (FTP) one by one from the input terminal of a CMOS logical circuit, respectively, among 
those flow exceeding a predetermined value occur Is extracted (step 1 1). 



[0025] Drawing 2 is a graph which shows FTP at this time, and the relation of an Iddq value, a x axis shows the number of 
FTP and the y-axis shows an Iddq value. In this graph, the abnormalities in Iddq have occurred in FTP (PI) and (P2). 
Specification of failure mode uses this FTP (PI) and (P2). 

[0026] Next, FTP extracted noting that the abnormalities In Iddq occurred in step 1 1 of drawing 1 is inputted into an input 
terminal, and the relation of the power-source current which changes when changing the supply voltage called the "V-I 
property" then acquired is investigated (step 12). Drawing 3 is a V-I property in FTP (PI) or FTP (P2) which has the 
abnormalities in an Iddq value detected from measurement of the FTP pair Iddq value in drawin g 2 . 
[0027] The power-source current of the CMOS logical circuit (large-scale integrated circuit: LSI) which a penetration 
current does not generate in a circuit in an all seems well has a physical defect in the interior of LSI to being below 
ImicroA, and, generally the abnormalities in Iddq of hundreds to thousands times or more of a specification upper limit 
occur in the nonconformity article with which the defect affects a circuit (the above-mentioned reference reference). 
[0028] Next, in step 12 of drawing 1 , the description of the investigated V-I property curve is extracted (step 13). 
however, failure mode should narrow down in a stationary environment — when there is nothing, power-source impression 
of LSI is devised, or the physical environment of LSI to measure Is changed, and failure mode is clearly actualized by 
emphasizing the description of a V-I property curve (step 14). 

[0029] As the above-mentioned environmental acceleration approach, as a former device of power-source impression ** 
By measuring the V-I property for every time amount of arbitration, where fixed supply voltage is impressed By measuring 
the V-I property for every time amount of arbitration from the configuration of the property of changing, where the 
approach and the Iddq abnormal current of ** regularity which emphasize the description of a V-I property curve are 
passed How to emphasize the description of the V-I property curve when impressing a pulse voltage so that it may 
superimpose on the approach of emphasizing the description of a V-I property curve, and the supply voltage of which ** 
impression is done from the configuration of the property of changing. And there is a method of emphasizing the 
description of a V-I property curve by making into reverse the polarity of the supply voltage of which ** impression is 
done etc. 

[0030] Moreover, there is a method of emphasizing the description of a V-I property curve among the approaches of 
changing the physical environment of the latter LSI, by the existence of an exposure of an electron beam on ** LSI chip 
front face which irradiates ion on change of an outside temperature of the **LSI whole [ for example, ]. the existence of 
an exposure of the light to ** LSI chip front face, and ** LSI chip front face. Moreover, the description of a V-I property 
curve can also be emphasized with the combination of the physical environment of the Irregular activity method of a 
power source, or LSI mentioned above. 

[0031] And power-source impression of LSI Is devised at step 14 in this way. or the physical environment of LSI to 
measure is changed, and after extracting the description of the V-I property extracted at step 13 based on fluctuation of 
the V-I property which was actualized clearly and investigated failure mode by emphasizing the description of a V-I 
property curve, failure mode is specified at step 15. 

[0032] Next, the environmental acceleration approach of the above-mentioned step 14 is explained to a detail. First, there 
Is a method which specifies failure mode from the configuration of a property where it changed, by measuring the V-I 
property for every time amount of arbitration where the fixed electrical potential difference of the aforementioned ** Is 
Impressed to LSI. 

[0033] Drawing 4 is drawing showing change of the V-I property in the condition of having impressed the fixed electrical 
potential difference. Among drawing, a continuous line I is the V-I curve acquired when the abnormalities in Iddq were 
revealed, and a broken line II is the V-I curve in which the impedance decreased with time amount. This technique is 
effective in preventing that the reverse bias electric field more than pressure-proofing are built over a PN junction. 
Although the inclination for the singular point (for It to mention later) of a V-I property to change in this technique may be 
seen, that fluctuation is not directly related to failure mode. 

[0034] This is explained with the representative circuit schematic of drawing 5 . This equal circuit is a circuit where the 
end of the parallel circuit of impedances Z1 and Z2 was connected to supply voltage Vdd, and the other end was 
connected to the gland through the component of an impedance Z. and shows the circuit which failure generated at the 
common node P of each component of impedances Z1, Z2. and Z. In this case, as for the leakage current path, the path 
which flows in order of Vdd->Z1 ->P->Z->GND shifts to a current path called Vdd->Z2 ->P->Z->GND to which the 
impedance decreased with the passage of time at the beginning. 

[0035] Thus, since it changes in the direction where a leakage current path sets the failure generating part P as an origin 
or a core, and an impedance decreases, fluctuation is not directly related to failure mode. Therefore, by observing a 
changing point from fluctuation of a V-I property curve, the equal circuit which accelerated degradation of a failure part 
becomes clear, the leak in a failure part Is emphasized, therefore specification of failure mode becomes easy. 
[0036] Next, how to specify failure mode is explained from the configuration of a property where it changed, by measuring 
the V-I property for every time amount of arbitration, where the fixed Iddq abnormal current of the aforementioned ** is 
passed. Drawing 6 is drawing showing change of a V-I property where leakage current is kept constant. Among drawing, a 
continuous line III is the V-I curve acquired when the abnormalities in Iddq were revealed, and a broken line IV is the V-I 
curve in which the impedance decreased with time amount. 

[0037] This technique is effective in order to prevent the open circuit by the electromigration especially generated with 
thin wiring, and induction of another failure mode by change of the upper layer by generation of heat by the high resistor 
by the increment in a current. The same inclination as **** also actualizes this technique, and the leak in a failure part is 
emphasized, therefore specification of failure mode becomes easy. 

[0038] Next, the method which sees fluctuation of a V-I property is explained, superimposing a pulse voltage on supply 
voltage as a method which devises the supply voltage of LSI of the aforementioned **. Drawing 7 shows system 
configuration drawing in this case. In this drawing, the constant voltage and test pattern (FTP) which were generated by 
the constant voltage power supply and the test pattern generator 21 are supplied to LSI23 carried on the board 22. 
Moreover, the voltmeter 24 and ammeter 25 for measuring a V-I property are installed during GND wiring connected to 
the GND terminal of between each Vdd and GND terminal and LSI23, and the signal is connected to the personal 
computer (it abbreviates to a personal computer hereafter) 27. or the curve tracer 28 through the cable 26. Furthermore, 
the source 29 of a pulse voltage is installed on the path between a constant voltage power supply 21 and a board 22, and 
the supply voltage which superimposed the pulse voltage is impressed to LSI23. 



[0039] The amplitude of the output pulse electrical potential difference of the source 29 of a pulse voltage is held down 
to Ifess than [ 0.5V ]. This reason is for preventing that forward bias of the PN junction is carried out. and a current begins 
to flow. The electrical potential differences which generally begin to flow by forward bias are only Abbreviation 0.65V- 
0.7V, and it is led from a degree type. 

[0040] V** (kT/q), In (Is/I) However, it is referred to as l=lmicroA. 

[0041] (k: A Boltzmann's constant, T:absolute temperature, the amount of qrelectronic charge, Is:saturation current value) 

This technique can distinguish whether it is placed between the paths which the penetration current has generated by the 
PN junction. 

[0042] Drawing 8 is drawing explaining an example of the revealed failure mode, when a pulse voltage is superimposed on 
supply voltage. The V-I property that the continuous line V is not superimposed on the pulse voltage, and VI are the V-I 
properties of being superimposed on the pulse voltage, among this drawing. The difference in the property of V and VI is 
that the peak (inside a and b of drawing) has occurred in about 0.2 V and 1,8V in the property VI. This phenomenon shows 
that the PN junction is the forward direction one step at a time by a points and b points. 

[0043] A physical defect exists in a semi-conductor substrate, or that a PN junction intervenes on the path of a 
penetration current can consider the short circuit of wiring by dielectric breakdown, and the inside of a well (Well). 
[0044] Drawing 9 is an example of the V-I property when making the polarity of applied voltage into reverse, among this 
drawing, a continuous line VII is the V-I reverse property of normal LSI, and a broken line VIII is the V-I reverse property 
of LSI of having a physical defect in an internal circuitry. This kind of curve VIII is short between power sources, it is the 
mode of PN-junction destruction and a certain amount of failure mode is specified by this test again. 
[0045] Next, how to emphasize the description of a V-I property curve because the outside temperature of the whole LSI 
of makes it change as an approach of changing the physical environment of said LSI is explained. Drawing 10 puts LSI 
into a thermostat, where FTP which the abnormalities in Iddq generate is inputted, and it shows system configuration 
drawing which looks at fluctuation of a V-I property, carrying out temperature acceleration. 

[0046] In this drawing, the constant voltage and test pattern (FTP) which were generated by the constant voltage power, 
supply and the test pattern generator 21 are supplied to LSI23 carried on the board 22. Moreover, the voltmeter 24 and 
ammeter 25 for measuring a V-I property are installed during GND wiring connected to the GND terminal of between each 
Vdd and GND terminal and LSI23, and the signal is connected to the personal computer 27 or the curve tracer 28 through 
the cable 26. 

[0047] Furthermore, it is put into the LSI23 whole by the thermostat 30. This thermostat 30 is the structure which can 
carry out adjustable by a certain approach so that internal temperature may turn into desired temperature. Thus, change 
of the V-I property of the CMOS logical circuit of LSI23 when the temperature of the LSI23 whole changes is effective in 
detection of the leak which mainly originates in opening and the poor PN junction of a gate electrode. For example, 
opening of a gate electrode is explained with drawing 1 1 and drawing 12 . 

[0048] Drawing 1 1 is an example of the revealed failure mode, when temperature acceleration of the whole LSI is carried 
out. Among this drawing, a continuous line IX is the case where temperature acceleration is not carried out. and a broken 
line X is a V-I property at the time of carrying out temperature acceleration. Being distinguished from the difference 
among properties IX and X is that the SURESSHORUDO electrical potential difference is related to channel resistance. 
That is, according to the temperature coefficient, it shifts in the direction where an impedance becomes large, and 
channel resistance is a SURESSHORUDO electrical potential difference further. It is decreasing according to the 
temperature characteristic (several mV/deg). This change appears notably, when one gate electrode of an inverter circuit 
is opened. 

[0049] For example, drawing 12 is an example explaining an above-mentioned phenomenon, and is the inverter circuit 
which consisted of the P channel transistors (it is henceforth described as P-chTr) Q1 and the N channel transistors (it 
is henceforth described as N-chTr) 02 of a couple. If the signal of high level (H) is impressed to an input when the gate 
electrode of P-chTrQ1 of an inverter circuit is opened (* in drawing shows), a penetration current will flow from Vdd to 
GND through N-chTrQ2 of an ON state through P-chTrQ1 of the Nor Marie ON state further. 
[0050] If temperature acceleration of this inverter circuit is carried out, according to a temperature coefficient, the 
impedance shifts in the direction where it becomes large, and channel resistance of P-chTrQI of the Nor Marie ON state 
is the SURESSHORUDO electrical potential difference of N-chTrQ2 further. It decreases according to the temperature 
characteristic (several mV/deg), and change of the V-1 property shown in drawing 1 1 actualizes. 

[0051] Next, how to emphasize the description of a V-I property curve by the existence of the exposure of the light on 
the front face of an LSI chip of ** as an approach to which the physical environment of said LSI is changed is explained. 
Drawing 1 3 shows system configuration drawing of the system which inspects fluctuation of a V-I property by carrying 
out incidence of the light to the chip front face of LSI where FTP which the abnormalities in Iddq generate is inputted, or 
not carrying out incidence. 

[0052] In this drawing, the constant voltage and test pattern (FTP) which were generated by the constant voltage power 
supply and the test pattern generator 21 are supplied to LSI23 carried on the board 22. Moreover, the voltmeter 24 and 
ammeter 25 for measuring a V-I property are installed during GND wiring connected to the GND terminal of between each 
Vdd and GND terminal and LSI23. and the signal is connected to the personal computer 27 or the curve tracer 28 through 
the cable 26. 

[0053] Furthermore, the package was opened and the chip front face has exposed LSI23. The light source is installed 
above the chip side, and it does not irradiate on a chip front face at the light 31 from the light source. The characteristic 
thing in the existence of an exposure of light is changing leak substantially. Especially this phenomenon is seen by the 
defect resulting from a diffusion layer. For example, the V-I property currently observed since an electron is activated by 
the exposure of light in the PN-junction section moves in the direction in which an impedance decreases, and further, 
since the SURESSHORUDO electrical potential difference of a joint shifts in the reduction direction, existence of a joint 
is detected. 

[0054] Next, how to emphasize the description of a V-I property curve by the existence of the exposure of the ion on the 
front face of an LSI chip of ** as an approach to which the physical environment of said LSI is changed is explained. 
Drawing 14 shows system configuration drawing of the system which inspects fluctuation of a V-I property by carrying 
out incidence of the ion to the chip front face of LSI where FTP which the abnormalities in Iddq generate is inputted, or 



not carrying out incidence. 

[0PS5] In this drawing, the constant voltage and test pattern (FTP) which were generated by the constant voltage power 
supply and the test pattern generator 21 are supplied to LSI23 carried on the board 22. Moreover, the voltmeter 24 and 
ammeter 25 for measuring a V-I property are installed during GND wiring connected to the GND terminal of between each 
Vdd and GND terminal and LSI23. and the signal is connected to the personal computer 27 or the curve tracer 28 through 
the cable 26. 

[0056] Furthermore, since ion was irradiated, the package was opened, and the chip front face has exposed LSI23. The 
ion source 32 is installed above the chip side. Furthermore, the ion source 32 is installed into the vacuum lens-barrel 34 
containing LS23 and a board 22. 

[0057] The gate electrode of ion irradiation of a CMOS logical circuit is effective in the distinction in the defect who was 
opened. For example, when the condition that the gate electrode of P-chTrQ1 was opened in the inverter circuit shown in 
drawing 12 is considered, it will be in the operating state which "H" level inputted into the transistor when ion was 
accumulated in the gate electrode of P-chTrQ1 by ion irradiation, and since it shifts in the direction in which leak 
decreases, the gate electrode of P-chTrQI becomes detectable [ the failure mode of having been open ]. 
[0058] Next, how to emphasize the description of a V-I property curve by the existence of the exposure of the electron 
on the front face of an LSI chip of ** as an approach to which the physical environment of said LSI is changed is 
explained. Drawing 15 shows system configuration drawing of the system which inspects fluctuation of a V-I property by 
irradiating an electron or not irradiating the chip front face of LSI where FTP which the abnormalities in Iddq generate is 
inputted. 

[0059] In this drawing, the constant voltage and test pattern (FTP) which were generated by the constant voltage power 
supply and the test pattern generator 21 are supplied to LSI23 carried on the board 22. Moreover, the voltmeter 24 and 
ammeter 25 for measuring a V-I property are installed during GND wiring connected to the GND terminal of between each 
Vdd and GND terminal and LSI23, and the signal is connected to the personal computer 27 or the curve tracer 28 through 
the cable 26. 

[0060] Furthermore, since an electron was irradiated, the package was opened, and the chip front face has exposed 
LSI23. The electron gun 36 is installed above the chip side. Furthermore, the electron gun 36 is Installed into the vacuum 
lens-barrel 37 containing LSI23 and a board 22. 

[0061] Electron irradiation is also effective in the distinction in the defect to whom the gate electrode of a CMOS logical 
circuit was opened like ion irradiation. For example, when the condition that the gate electrode of P-chTrQl was opened 
in the inverter circuit shown in drawing 12 is considered, it will be in the operating state which "L" level inputted into the 
transistor when an electron was accumulated in the gate electrode of P-chTrQ1 by electron irradiation, and since leakage 
current shifts in the direction which increases further, the gate electrode of P-chTrQI becomes detectable [ the failure 
mode of having been open ]. 

[0062] On the contrary, in the condition that the gate electrode of N-chTrQ2 was opened, it will be in the operating state 
which "L" level inputted into the transistor when an electron was accumulated in the gate electrode of N-chTrQ2 by 
electron irradiation, and since it shifts in the direction in which leakage current decreases, it becomes detectable [ the 
failure mode that the gate electrode of N-chTrQ2 was open ]. 

[0063] CMOS which has a physical defect inside a circuit by changing an external environment as mentioned above By 
changing the V-I property of LSI, it becomes possible more to detect failure mode in a detail. 
[0064] From the combination of change of the device of the applied voltage furthermore described above, and the 
external environment of LSI to CMOS It is possible to actualize the unique mode of the physical failure inside LSI. 
[0065] The V-I property curve detected by the above actuation has two approaches which can perform detection of 
failure mode by holding the description. It is the approach which extracted the whole V-I property curve configuration and 
the singular point of a V-I property curve. 

[0066] Drawing 16 is the whole V-I property curve configuration of explaining the first method. Since this draws a curve 
characteristic of each failure mode, the rough detection of it is attained. 

[0067] Drawing 1 7 is another method and is a method which detects the singular point of a V-I property curve, and the 
Inclination of leak as a parameter. That is, those parameters are (Vb, lb), (Vc, Ic) and the value (Vd, Id) which indicate the 
location (inside b, c, and d of drawing) of an electrical potential difference- and a current where the inclination of a leakage 
current curve changes to be the electrical-potential-difference value (inside a of drawing) to which leakage current begins 
to flow, and the value (inside alpha, beta, and gamma of drawing) of each inclination. Here, the values alpha, beta, and 
gamma of each above-mentioned inclination are expressed with a degree type. 
[0068] Alpha=Ib/(Vb-Va) 
beta=(Ic-Ib)/(Vc-Vb) 
gamma=(Id-Ic)/(Vd-Vc) 

Since these parameters are quantifying and expressing the description of a V-I property, the equal circuit of a leak path 
can judge them clearly, therefore they can specify failure mode certainly. 

[0069] When physical failure exists in the interior of a CMOS logical circuit as mentioned above, since the V-I property 
detected can acquire a unique property to each physical failure, it can detect failure mode from the judgment of the V-I 
property curve. 

[0070] Next, how to specify failure mode from the description of the detected V-I property is described. Beforehand, 
correlation with the voltage-current property which originates in failure mode and its failure and is generated is collected 
as a database. There are two well-known methods in this. One is a method which computes the V-I property which sets 
failure as a fundamental logical circuit and is generated by circuit simulation. It opts for simulation based on an equal 
circuit from the device structure of LSI which builds in failure mode, it can compute the current value which flows an 
equal circuit top by fluctuating an electrical potential difference, and can output a V-I property. The 2nd is a method 
which collects the V-I properties which originate in failure mode and its failure and are generated from the failure analysis 
of broken LSI. 

[0071] And the above-mentioned collected V-I properties are put in a database as the whole V-I property curve 
configuration mentioned above or singular point parameter value of a V-I property curve. 

[0072] Next, failure mode is specified from the comparison of the similarity of the conflguration of the detected V-I 
property, and the description of the V-I property in a database. The comparison technique is performed using a personal 



computer or an engineering workstation. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the specific approach of failure mode, and when especially a certain logic 
test pattern is inputted, it relates to the approach of specifying the failure mode generated in the CMOS logical circuit 
which the abnormalities in leakage current in the quiescent state of the logic called Iddq generate. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, the method of specifying the cause of generating of the failure generated 
inside the CMOS logical circuit from electrical characteristics was impossible except for the short circuit between power 
sources (short circuit between Vdd-GND). Therefore, the failure generating part was narrowed down using the logic test 
pattern, physical analysis of the failure part narrowed down to the degree was performed, and the cause of fault is 
investigated and detected. 

[0003] First, narrowing down of a failure part had the typical technique of extracting the potential map of an irradiating 
point, and a logic wave by detecting the secondary electron which is called an EB tester and which irradiates an electron 
on wiring of a large-scale integrated circuit (LSI), and is generated. 

[0004] Moreover, detection of a failure part had detected failure mode using microscopes (SEM, optical microscope, etc.) 
by performing appearance observation, or etching to a desired layer with laser etc. further, and observing [ **** / 
exposing a failure part ] by performing ******** of the part limited by the ion beam which is called FIB, and which 
converged. 

[0005] The method using the emission microscope (EMS) as a method which presumes failure mode is learned 
conventionally, and it is proposed by the 4th time dependability symposium (Vol.l3/No.3 / November. 1991) "examination 
of the failure analysis technique of LSI by luminescence wavelength distribution" P.71 to P.76 of REAJ. This method is an 
analysis method which presumes the failure mode of LSI by analyzing the spectrum of the light emitted from the failure 
part of LSI in an emission microscope. 

[0006] Drawing 18 is an explanatory view for the analysis of LSI by the above-mentioned emission microscope. In this 
drawing, luminescence emitted from the failure part of LSI42 is observed by the optical microscope 43 placed above 
LSI42 carried on the OUT board 41. Luminescence observed by this optical microscope 43 is amplified with the font 
amplifier tube 45 called an image intensifier through the filter 44 which makes only the light wave length band of the 
arbitration called a band pass filter penetrate, is picturized by CCD camera 46. and is sent to an image processing system 
47. In order that an emission microscope may detect minute luminescence from LSI42, a luminescence observation path 
is set in a dark room 48. Moreover, the image which was processed by the image processing system 47 and obtained is 
displayed by the cathode-ray tube (CRT) 49. 

[0007] By this conventional failure mode specification approach, by combining the function which integrates the quantity 
of light detected in the emission microscope, and the filter 44 which makes only the light wave length band of arbitration 
penetrate with a band pass filter, the amount of luminescence for every wavelength band is measured, and failure mode is 
presumed by observing the spectrum resulting from each failure mode. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, the failure mode efficiently generated inside the 
CMOS logical circuit by un-destroying can be specified. That is, the test pattern which the abnormalities in Iddq which 
actualize the physical failure inside a circuit generate according to this invention is inputted into an input terminal, since 
failure mode can be specified from the curve of the V-I property then acquired, a failure generating part is narrowed down 
and the huge mandays and time amount for detecting failure mode further can be reduced. 

[0076] Furthermore, since according to this invention failure mode can be specified where the curve of a V-I property is 
emphasized by performing the device of the power source for specifying much failure modes, or an external environment, 
the unique mode can be certainly presumed to each failure mode. 

[0077] Furthermore, according to this invention, since it is displayed as a V-I property depending on the class of failure 
mode generated on the electrical circuit, the VH property measured by the test pattern of the abnormalities in Iddq can 
specify failure mode easily by detecting the V-I property. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, the failure mode efficiently generated inside the 
CMOS logical circuit by un-destroying can be specified. That is, the test pattern which the abnormalities in Iddq which 
actualize the physical failure inside a circuit generate according to this invention is inputted into an input terminal, since 
failure mode can be specified from the curve of the V-I property then acquired, a failure generating part is narrowed down 
and the huge mandays and time amount for detecting failure mode further can be reduced. 

[0076] Furthermore, since according to this invention failure mode can be specified where the curve of a V-I property is 
emphasized by performing the device of the power source for specifying much failure modes, or an external environment, 
the unique mode can be certainly presumed to each failure mode. 

[0077] Furthermore, according to this invention, since it is displayed as a V-I property depending on the class of failure 
mode generated on the electrical circuit, the V-I property measured by the test pattern of the abnormalities in Iddq can 
specify failure mode easily by detecting the V-I property. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] however, poor leak according [ the failure mode from which the failure mode 
detected in an emission microscope is detected by the specific method of the conventional failure mode mentioned above 
in the band since the light wave length band of a band pass filter 44 is limited with 400 to lOOOnm ] to poor opening of the 
gate electrode on a CMOS logical circuit, and gate oxide destruction — further — high resistance — it is the short 
circuit between wiring by the conductor etc., and the failure mode detected was limited. 

[0009] Moreover, although the failure mode detected was plotted by the graph which took the amount of luminescence in 
an arbitration graduation scale to the Y-axis called "luminescence spectrum", and took wavelength to the X-axis, the 
luminescence spectrum of the failure mode mentioned above is [ variation ] and was not deterministic. For example, 
drawing 19 is luminescence spectrum which shows the relation of the amount of luminescence to each wavelength of 
poor opening (inside B of drawing) of gate oxide destruction (inside A of drawing), and a gate electrode. When the variation 
in the spectrum configuration is mostly considered for the same configuration, it becomes impossible for the amount of 
luminescence to each wavelength of poor opening of gate oxide destruction and a gate electrode to presume failure mode 
to accuracy so that drawing 19 may show. 

[0010] Moreover, in order to have to perform failure analysis by the emission microscope from detection of a failure 
generating part first, it takes time amount great by specification (or presumption) of failure mode. Furthermore, the 
emission microscope had the fault of limiting the narrowing-down part of failure in order to make impossible detection of 
luminescence under wiring in LSI which has multilayer-interconnection structure. When leakage current was still larger, 
since the quantity of light became immense, it had a fault of it becoming impossible to use an emission microscope. 
[001 1] This invention was made in view of the above point, and aims at offering the specific approach of failure mode that 
failure mode can be easily specified by un-destroying by using the supply voltage pair power-source current 
characteristic in the test pattern which the abnormalities in leakage current in the quiescent state of the logic called Iddq 
generated. 

[0012] Moreover, other objects of this invention are to offer the specific approach of failure mode that failure mode can 
be specified promptly. 
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MEANS 



[Means for Solving the Problem] This invention inputs the logic actuation test pattern of arbitration one by one from the 
input terminal of a CMOS logical circuit in order to attain the above-mentioned object. The power-source current in the 
quiescent state of logic actuation of a CMOS logical circuit is measured, respectively. Among those, the logic actuation 
test pattern which the abnormalities to which the power-source current in the quiescent state of logic actuation flows 
exceeding a predetermined value generate is extracted. Failure mode is specified from the change property curve of a 
power-source current which changes according to change of supply voltage where the extracted logic actuation test 
pattern is impressed. 

[0014] Moreover, the change property curve of a power-source current which changes according to change of supply 
voltage where the logic actuation test pattern which this invention extracted is impressed carries out the description of 
being the curve of a supply voltage pair power-source current characteristic which changes by changing the power- 
source impression environment of a CMOS logical circuit. 

[0015] Where fixed supply voltage is impressed, change of the power-source impression environment of the above- 
mentioned CMOS logical circuit here The change for every time amount of the arbitration of a supply voltage pair current 
characteristic. Where a fixed abnormality quiescent-state power-source current is passed, or the change for every time 
amount of the arbitration of a supply voltage pair current characteristic, Or it is characterized by being impressing a pulse 
voltage to supply voltage and changing a supply voltage pair current characteristic, or making the polarity of supply 
voltage to impress into reverse, and changing a supply voltage pair current characteristic. 

[0016] Moreover, the change property curve of a power-source current which changes according to change of supply 
voltage where the logic actuation test pattern which this invention extracted is impressed carries out the description of 
being the curve of a supply voltage pair power-source current characteristic which changes by changing the physical 
environment of a CMOS logical circuit. 

[0017] Here, change of the physical environment of a CMOS logical circuit is characterized by being the existence of an 
exposure of the light on changing the outside temperature of a large-scale integrated circuit which has a CMOS logical 
circuit, or the front face of a chip of the large-scale integrated circuit which has a CMOS logical circuit, ion, or an 
electron. 

[0018] Furthermore, in this invention, since failure mode is specified from the change property curve of a power-source 
current which changes according to change of supply voltage where the logic actuation test pattern which abnormalities 
generate is impressed, in a supply voltage pair power-source current characteristic, a power-source current is 
characterized by detecting failure mode, using respectively the inclination of the supply voltage value which begins to flow 
rapidly, and a power-source current, and the singular point of a property. 
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OPERATION 



[Function] If a CMOS logical circuit has a physical defect inside a circuit, outlying observation will appear in the 
quiescent-state power-source current called "Iddq (Quiesent Vdd Supply Current)" as a general tendency. This 
description is reference (M. Sanada "New). Application of Laser Beam to Failure analysis of LSI with Multi-metal layers" 
MicroElectronics and Reliability. Vol,33, No.7. and pp.993- 1009 and 1993 — M.Sanada "Evaluation and Detection 
ofCMOS-LSI with Abnormal Iddq" MicroElectronics and Reliability, Vol.35, No.3. and pp.619- it is clear at 629 and 1995. 
[0020] This invention uses the abnormal occurrence condition of this Iddq value. That is, it is characterized by to specify 
failure mode by inputting into an input terminal FTP which the abnormalities in Iddq which flow exceeding a predetermined 
value generate, and investigating the relation of the power-source current which changes when changing the supply 
voltage called the "V-I property" then acquired, when the logic actuation test pattern called "FTP (Function Test 
Pattern)" is inputted into the input terminal of a CMOS logical circuit. The test pattern which the abnormalities in Iddq 
which actualize the physical failure inside a circuit generate is inputted into an Input terminal. Moreover it can specify 
failure mode from the curve of the V-I property then acquired, in this invention Where fixed supply voltage is impressed 
as an approach of changing the power-source impression environment of LSI to measure, every time amount of 
arbitration The configuration of a property where it changed by measuring the V-I property in FTP in the abnormalities in 
Iddq which flow exceeding a predetermined value. The configuration of a property where it changed by measuring the 
above-mentioned V-I property for every time amount of arbitration where fixed Iddq abnormal current is passed, Since 
the V-I property detected by making the configuration of the V-I property of changing by impressing a pulse voltage, and 
the polarity of supply voltage to impress into reverse was used so that it might superimpose on the supply voltage 
currently impressed Failure mode can be specified where the curve of a V-I property is emphasized. 
[0021] Moreover, the thing for which the outside temperature of LSI is changed as an approach of changing the physical 
environment of LSI to measure in this invention. Since change of the V-I property before and behind a temperature 
change was inspected or change of the V-I property of changing with the existence of an exposure of the light on the 
front face of a chip of LSI, the existence of an exposure of an electron beam, and the existence of an exposure of ion 
was inspected, failure mode can be specified where the curve of a V-I property is emphasized. 
[0022] Furthermore, this invention is characterized by specifying failure mode from change of the V-I property of 
changing by performing the device of power-source impression and the combination of the physical environment of LSI 
which were mentioned above, in order to detect the singularity of a V-I property. 

[0023] The parameter used since failure mode is specified in the V-I property mentioned above is the approach of 
specifying failure mode from the description of the configuration of the whole V-I property curve, by this invention 
approach. Or the current on a V-I property curve is observing the parameter used in order to detect failure mode from 
the V-I property at the inclination (delta I/delta V value) of the electrical-potential-difference value which begins to flow 
rapidly, and a current, and the singular point (V, I value) of a V-I property. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart of one example of this invention approach. 

[Drawing 2] It is the graph which shows an example of the relation between FTP in the flow chart of drawing 1 . and an 
Iddq value. 

[Drawing 3] It is an example of the supply voltage pair power-source current (V-l) property in FTP which has the 
abnormalities in an Iddq value detected from the graph of drawin g 2 . 

[Drawing 4] It is a V-I property in the condition of having impressed the fixed electrical potential difference. 

[Drawing 5] It is the representative circuit schematic showing signs that the leak path changes in the direction where an 

impedance decreases by setting a failure generating part as an origin or a core. 

[Drawin g 6] It is drawing showing change of a V-I property where leakage current is kept constant. 

[Drawing 7] It is system configuration drawing of an example when superimposing a pulse voltage on supply voltage. 

[Drawing 8] It is drawing showing change of the V-I property when not superimposing on the time of superimposing a 

pulse voltage on supply voltage. 

[Drawing 9] It is drawing showing an example of the V-I property when making the polarity of applied voltage into reverse. 

[Drawing 10] It is the block diagram showing an example of the equipment which measures fluctuation of a V-I property, 
carrying out temperature acceleration. 

[ Drawing 1 1] It is drawing showing change of the V-I property when having not considered as the time of carrying out 
temperature acceleration of the whole LSI. 

[Drawing 12] It is inverter circuit drawing explaining fluctuation of the V-I property by temperature acceleration. 
[Drawing 1 3] It is the block diagram showing an example of equipment which inspects fluctuation of a V-I property by the 
existence of the incidence of light on an LSI chip front face. 

[Drawing 14] It is the block diagram showing an example of equipment which inspects fluctuation of a V-I property by the 
existence of an exposure of ion on an LSI chip front face, 

[Drawing 1 5] It is the block diagram showing an example of equipment which inspects fluctuation of a V-I property by the 
existence of an electronic exposure on an LSI chip front face. 

[Drawing 16] It is the whole V-I property curve configuration of using in order to presume failure mode. 

[Drawing 1 7] It is drawing showing an example of the singular point of the V-I property curve used as a parameter for 

presuming failure mode, and the inclination of leak. 

[ Drawing 18] It is an explanatory view for the analysis of LSI by the emission microscope. 

[Drawing 19] It is the luminescence spectrum which shows the relation of the amount of luminescence to each 
wavelength of poor opening of gate oxide and a gate electrode. 
[Description of Notations] 

11-15 Each step of one example of this invention approach 

21 Constant Voltage Power Supply and Test Pattern Generator 

22 Board 

23 Large-scale Integrated Circuit (LSI) 

24 Voltmeter 

25 Ammeter 

26 Cable 

27 Personal Computer (Personal Computer) 

28 Curve Tracer 

29 Source of Pulse Voltage 

30 Thermostat 

31 Light 

32 Ion Source 

34 37 Lens-barrel 
36 Electron Gun 
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^- y^ffiiJD bfcmi-ei|j!i«ffi(0^{bfcrB b r^f b-r 
^Sjii«j5ito^fbWtt;?j-rA^p.teiiSt- F^#^-r§ 

#ii!^-r^i«*« 1 T^M 1 1 <Da -^v^-rnTb^-^iB^tD 

[0 00 1] 

*<fg^-r§ c MO sisaiBii^ic^sLfciKi^*- F^# 

CO 0 0 2] 

Ctsejfcco^tig] Sejfe. ««6<l!|t14A^5 CMOS naniK 
MMi^a — h (Vd d-GND^COi/a— F) ?:I^V^T 

[0 0 0 3] ^-r. i!&l^©m«OiB?»)ii^«E B-rX^r- 
tiPi^-r^. «?%AM1S««[aII^ (LSI) coE^±fc 

L. fs^-r § 2 ^^^ai-r § c t j; s^^tj^ 

[0 0 0 4] OT«liiRff0^m«SH?S^ (SEM. 

J&KW^-i^fct), F I Bi:l^»-r5*^Lfcf :i->'tr-i^ 

[0 0 0 5] SScPf ^r- F^«^-r-g.77^i: LTli^te*, 
i5«y>/a>'raMii (EMS) ^ffl0^fc:7jii:*^»]P.nT 

*3t). R'E k i'm^mmm'&L^y:y^^i^^L. cvo i. i 

3/N o. 3/1991^1 IJ^) P. 71~P. 76 

r^cmc^ K)Lsi (Dtm^- F^*i^-r§^«f73S 

[0 0 0 6] HI 1 8t±±IB(0x^>vi/3 i/gS?SMlcJ;5 
L S I ^O^ffi©/c:i60»iB^iaT-fei.o |SIiatC*3V>T, D 
U T F 4 1 ±{Cj§ic$n/'c L S I 4 2 cO±;^tcBA^ 



(3) 



5 2 9 4 



nrzye^mmm 4 3icj:i0. lsi42 <D^mmmt-> e. 

i^-f>'r->'iyyy^7-t.Vfit?>y*yhmm'S4 SIC 

SgB4 ytCjMP-tiSo x=-viy3>'gMaSMtiL S I 4 

4 8tc*5*>n5„ Sfc. ili^®ag«4 7(Cj;t9«iS? 
tiTtfe.nfcmiSl±. ^ffii^m (CRT) 4 9JcJ:I9S 10 

[0 0 0 7] C©f;e3|5(D«{|5f^— F4^S?ijST'{i. X = 
[0 0 0 8] 

T1^w^n^^&P§^:-F{i^ -'^>'F/^x7^';i'^f4 4(^» 

T^iSg^i^^M 0 0 nmjb-'P. 1 0 0 0 n m i:PSS^nT 

^aiH]gs±<Dy-heffi<D:i— -y-hSsfkM 

CO 0 0 9] itai^tisife^*- K« "fg^fex--? 

xmi,cm&^t-Drc':f^yi,cya^y h^n^t\ ± 30 

^fzn. iE5itCi!&^^-F^fiSt-SCtA<T'f?^<^ 

■So 

coo 1 0] ^fc, x=>y->3:/SS?S^{Cj;5iK»ft¥«f 40 

mt^ L s I icist,&^mmrv(D^yto:)^m^^'^mt 

fcib. x5'y->3>Sl?S^*^Sffl-e#^<^5i:v^3^^ 

coo 1 1] ^^Bmm±<Dmcm^rs::^tirci.(Dx% 
I d d q i?r>-r ^l^s^o«>±^^ffi^i:^3^^• § -^«)5itS 50 



coo 1 2] $rc. *igi^ofa©sm. iSJc^^-Fto 

CO 0 1 3] 

m^(Dmmmi'?<Dm±^mic *3 it mmmm^tn'en 

COO 1 4] ^nB^oawufc^awf^f-xF/-? 
?>m.mmM(Dm<m^:^—yiii. c m o s ^aiai^cDm 

CO 0 1 5] ccT. ±^(DcuosiSimm^(omMW 
tumm(D^<tii. -mmmM&^mtaLrcVimxmmm 

^•St/Hi. Eni!jp-r^«Jli«JEO»t4^)S*tcbTttjlilt)EE 

coo 1 6] 2|s:^w«oaaibfciSiai!i{t7^xF/^ 

^mummoy^^mi^ti-yii. c m o s issih!!^co!|% 

coo 1 7] ccx\ cMo smmm^(Dmmmm<D^ 
im. cMo sMimm^^mr^izmmmmmm<Dn-m 

coo 1 8] MtC. 2ts:fgB^T-t±. SmA^fg^-T i>iSiiiilj 

\:,xmitt^nmm^(omm^ti~-yt^p>m.m'E- f 

Rzfn^(D'^m^^'eti^tim\^^xtm'e- v^^m-r 
Co 0 1 9] 

c^tffl] CMOS mmmmmmf^mcmmi^m^'^r 



(4) 



9- 1 5 2 9 4 



■St, — fiSWfflfDii: LT " I d d q (Quiesent Vdd Sup 

ply Current) " t^t ^m±vimmmmmicunmti^ 

JB^DiflSo iI<OBE3Zti(i;5tiS^(M .SanadaTNew Application 
of Laser Beam to Failure analysis of LSI with Mult 
i-metal layersJM icroE lectron ics and Reliability .Vo 
1 .33 .No .7 ,pp .993~1009> 1993^M .SanadafEva luat Ion a 
nd Detection ofCMOS-LSI with Abnormal IddqJMicroEl 
ectronics and Re 1 lab 1 llty ,Vo 1 .35 ,No .3 ,pp .619—629, 
1995) {CTB^6> So 

CO 0 2 0] il<D I d d q fl©S^fg^t»c^ io 

%flJfflbfc*><D-efe5o ■t^t)-^, "FTP (Function 
Test Pattern) " tifr^fSlrallSljitT-X 

m^rm.n^ i d d qs^*^5g^-r§ f t p^xtii^^ 
icKtsL. "tomm^ti^, "v-mtt" t^^-t^mm 

mmp^^(Dmm^^mtEif^'>ir^ i d d qmmti^ 
iim<Dmmm<D. m^m^m^rmn^ i d d qs^-e 

(D F T P tCiottS V - I !|t1S^SiJ^-r 5 C f^^itLtc 

n^mm^^. -^<D I d d qS^«!5it^}^Lfcm^T- 
ttSOB#M«cD, ±IHV - 1 1f'|±^i|iJ^-r§ C ttc J; D 

-rs-fcafc/vi/xm^siira-r-sii t-psmf-sv- 1 

n^onm^^. mtat ^m.mmj£(Dm^^mct c t 30 

[0 0 2 1 ] ^tc. *%B^T'{i, SiJ^-rS L S I ©»1 

[0 0 2 2] ■^^icti. *fgB^ti, V- I !t#'l4(r)*#a't4 
?%lSg|^0!ii^-l±«:ff "jCtlC^f) mtt « V - I #14 

[0 0 2 3] ±^brc:V- IlttttCTiKW^r-K^^^ 



@H (A I/AVffi) Stf, V- IlttttD^tSj^i (V. I 

fi) tca@brt/>5o 

[0 0 2 4] 

Tl^B^-r-So la Ui*5gB^73fefe©-*fiS«?IJ<D>'n-^-v 
-FT% CMO Sl^ailISS<DrtgP(Cf8^L^c^*^OiK 

Pi^:-F^!ft^-rs7D— 5^i'-FT'feSo iBi0tc^-r 

<fc'5tC, S-r, CMOSl^aigIES<DA^iS^J;'3Kft]cD 
MI^©^S«)ft7^7.h/'?i^-^' (FTP) ^)iii^{cA;^/ 

m'&m^&^Tmti^ i d d q-s^7b'!%^bfe^oF t 
p^ttta-r§ (XT'-yT'i 1 ) o 

[0 0 2 5] 0 2tiCCOB#(OF T P t I d d qMfDMil 
^-7 7-^36 13, xtt{±FTP©S#*, yti«I 
ddqfB^^-To CCD^^7tC*3V^T, FTP (P 
1) , (P 2) {c4ol^T I d d qSS*'«fl*LT»/^5o 
FWlt^ti, CCDFTP (PI) , (P2) ^ 

[0 0 2 6] :^^tC, la 1 ©X-x-y7° 1 1 fCfct/^T I d d 

q mmi^m^vrc t UTata^nz-c ftp ^A;b4S^{c 

§ (X-x-y^l 2) o msltmziCiSl^f^F T I d 
d qfgtOiBteJ: O^tffibfc I d d qfiSm^*-r§ F T 
P (P 1) S/ttiFTP (P2) T'COV- I it^lST* 

[0 0 2 7] iEmvimicfs\.-rmmcmmmmtm^i. 
rj:i^cMos^mmm izKmmmm^m : l s i ) 
mmma i ;t AL^tTTfestofc^^LT, L s I mma^ 

<D I d d qSmA"«f8^-r§ (Huai'DiS^##) o 
[0 0 2 8]^^tC, 0 1 (DX-r«y:/l 2{Ct5(,^T, US 

L/£V- m'l4A-:r©!|ttt^at±l-r§ (XT--y:/i 
3) „ Ljb^b^A^e., ^:S'^«fCTW$*-F*^^03i 
fe^V^ttfi, L'S I cD«il?.ffli!jP^X*Lfct)> SiJ^-r 

« L s I (omsmm^&ittEiix. V- 1 #14*-:^© 

•^^ (XT->y:/l 4) o 

[0 0 2 9] ±nE(DmmaM:^iit lt, tij^ottjiiEn 

Eco^p^«cD V - 1 n^^m^-r i. d i: tc J; t) , ^{t-r 
•i.ifif<Dj^ft*^P) V- 1 n^i3-y0:>nm.^^mt^i3 

(D-^iO I d d qS««»S^MLrc«^Tffi«<OB# 



[0 0 3 0] $fc. ^#coL s I (Dmmm.%mtz-^ 
L s 1 9-y:fmm^(Diftcomm(Dmm. ®l s i ^^-y;/ 

^ffitc-r^i-v^BSW-r-S. ®LS I ^-yT'astcW^lf 
-ivCDMI^'DW^tCj; V- I !i#ttA-:/<Dit#^^§S 

it^ L S I cDf!3a^i^cDffi^^t)^^{C J; t) V - I If tt* 

-■/coftgi^^Siit- § C h t o 

CO 0 3 1 ] ^L-T, CCOi^fCXx-v:/! 4T'L S I 

(Dnmwi3a^x^Lrc<!). mm-t^ l s i (ommmm^ 

[0 0 3 2] ±iecOX7"-y7'l 4 cD^l^iajS?]?* 

s I i,ce[imLtz^mT^M(Dmrsm<Dw - 1 

to 0 3 3] 04{i— ^«JE*fflSnb/'c<^^T'<OV- I 
ftttO^fk^^-r^-efeSo 04^, *iK I {* I d d qS 

{±Bf i: i: t {c -r > t;— ^ VXA'SMil^ b T V > o V - I 
[0 0 3 4] CCDC i:tCOV-«T. ^5(Dl|{ffiiHl^lIi:^^ 

(ommmo-iztimmMmv d dtcSM^n, {«*^ 

[5]gST\ -I'ytf-^^'yXZ K Z 2SC/ZOS-^?cD±t 
— ^m.WMmt. ^fi){iV d d-^Z 1 ^P^Z^GN D 
M'>t/cVd d-»Z 2-*P^Z^GNDi;V>3«^S!ai^ 
[00 3 5] c:©i'5{c> U-^««t}iSSti«tP»fg^ffi 

f^oT. V- I !|f14A-r£0^i!j*^e)^<b;S 

[0 0 3 6] i^tc. Htiie®co-^o I d d qmMm.^ 



(5) If fflT 9- 1 5 2 9 4 



Ui I d d qS^*<^MLm{cajf#LfcV- I A-:/ 

TI/^-=>/-cV- I *-yTSSo 
[0 0 3 7] co^jStittjjltcoiiiPfciO, Iflciifflv^iB 

[0 0 3 8] i^tc. hub2@(75l s I (DnMns.^x^-r 

-STa^i: LTtt2l^,«)£ti:/^;l/Xtt/£^fifiLJS:?b"!e> V- 
I^if14to^i!)^*^i.73^^i:o^/^Tif^B^■rSo laTtictD 

H&a'T-X F/^^f-^ (FTP) A^'K- F 2 2 ±fci§« 

20 ^t^Tv^5LS I 2 3{c«i^^^nTv^So sfc. v-i 

#14*}iJ«-rSfci6<D«EEf1-2 4at?«?5SI+2 5*^^n 

^n«Vd d i:GND4S?F^S.C/L S I 2 SOGNDffi 

/^yni/tPg-r) 2 T'^*— :/FU— ^:^2 8{C«5M 

^nrv^So $p>{c^ajEeif,2 i ^4-"— F2 2o^cd 
a^±tc/^;i/xsjijis2 9A^Ka^nr*5t). /^;i/x« 
z^m^hrcmmmm^Ls i 2 3tcEniiPLTv>So 
[0 0 3 9] ^vvxms.M2 Qcomti^vi'xm.E.nm^ 

30 «0. 5 Vi-XTtcSHxTi/^So C©afi{iPN^#*Mll 

SSo — )K:tJ:NHM-i'TX{cJ:t)gitti^^i65«IEt±, m 

0. 65V~0. 7 V<*6l/^-e$t). i^^J;*?**--*! 

[0040] Vi? (kT/q) • In (Is/I) (S 
L. 1 = 1 /I Afc-rSo 

[0 0 4 1] (k : T : f&MUSL. 

q : it^©«M«. I s : mmmmm 

[0 0 4 2] 0 8tittMWII(c/^;l/XWII^aaLfc 

fgM-r§i!&i^t-F©-«?ij^iJtBj^-rs0T'SSo m 

04". ^f«V{i/^;l/X«i£A<«4^tlTV>:&V>V- m 
14> Vl{i/^;l/X«EEA««?nTi/^5V- Iitf14-Z?S 
So Vi:VI<0^f■t4^D)t^/^^i. IflSviTtiSii^O. 2 V 

1. BVtctf-^ (04' a. b) A^fg^febTl^SCi:-? 

c:0^*«a^Si: bjS-ePNi$^A<-S-ro|l«?3 

[0 0 4 3] Kj1«?JSc031K±{C P N m^CDfY^-r S C 
50 tii. ii%il^^|5iSA'<*?»<*»tgrt{£:#ffi-rSA\ $/-cf±. 



(6) 



^mW- 9- 1 5 2 9 4 



CO 0 4 4] m9i,imums.<Dm-\i^micLrz'^(Dv- 
V - 1 m^^r'& K> , wm 1 1 \\mti>mmicmmmiKm 

^^t^ L S I ©V - I a*#'l4T'fe§. C(Dm<D^—-X 
V 1 1 HiWPP^ a-hT^SO^fc. PN ^-g-SSJgCD^:— 

[0 0 4 5] MiBL s I (D^mmm^mit-^'ti^ io 

T^-fei: LTdXD L S I ^#(Dmm&CO^it-^ ^ C t 

-ev- 1 i^^ti~-^<D^w.^m^-t^yim'<^'^^^xmm 

■r«o 01 0»I d d qS^*^fg^-r§FTP^A:'3L 

fcm^T'L s I ^fistt^cAti. iaai!ja3i^L^*"«ev 

[0 0 4 6] lR]0tCt5t/^T. ^ttESMRCfT^X h/^rJf 

— y (FTP) A^4^'-K2 2±fC}gK?nTt/>^ L S I 

2 3^c^^t^©^nTv^5o $/c. v- 1 #i4?:sij^-ri.fc 

46cDttJE8t 2 4 Jia«}5ltit 2 5 A'«^tl-€no V d d i: G 20 

^:f\-vx^^y=i>2 9-2 stcgEi^^n 

[0 0 4 7] MIC, L S I 2 3^f!(c{i11iaii3 OfCAn 

5o (IcOiatcLTL S I 2 3^f*(Oiaja3b^^{t?nfc 

i:^©, L S I 2 3©CMO Sg^aHJ^fDV- I 

ffifk«s ±{cy-h«1l£0:i--r>^PNj$#^a(ce 30 

[0048] m\ uiLs I ^w^ummmLtcm. 5§ 

- mttT^So 1f14ixi:X(Da^>*^e.«SiJ*nsc:i: 

/deg) {CtJfoTS'>LTi.^Sc CO^fbfi'f' V/^- 
CO 0 4 9] P;^tfs la 1 2«±KEcoai^«ri}iWr«- 
MT-^!?. -*t(DP^^:?-.;l/hv>>^x^? a;^^, p- 
chTr tmt) Q 1 i:Ng^-v:^;l'h7>'i^X^f (J^ 
1^, N - c h T r illB-T) Q 2 {CT^ifig^mfcC 
^fdiSST'^So 'I'W^— ^f(g|i^CDP-c hT r Q 1 
-hfflUA^;*— T'Vi^^o/'cBf (ig>t'*T'^-r) . Xt} 

tc/A-ru^;!/ (H) cofi^A^Enip^ni-i:, vdd^^e 50 



10 

/-VU-^Vt^cffitDP-c hT rQ l^f^b> HtC:^- 
>4^C^©N-c hT rQ2^/M^TGND'\Haei!ii*^ 

Co 0 5 0] ccD-<>'-'^-^iHii^*^?a;KSo3S?n-si:y 

-V U — ;e->i^ffi<D P - c h T r Q 1 <D^^ 

'yyhLTi^^^^ $P)(CN- c h T r Q 2£DXb-y->3 
-;l/F«ffi« MJSIftt mmVXd e g) fCtjtfoTj)^ 

CO 0 5 1 ] :kic^ MiHL s I (Dmmmm.^mt-s-f±^ 

ysmt LT®0 L S I T'gB^cDTttOHSItOWftStc 
J; 0 V - I If 14A-r£DWt^^3ip-r §;^)4^co^/^TI^^ 

wr 5o 0 1 3 ti I d d q m^tm^t^ ftp ^a:^ 

Lfct^ffi-eLS KD^y-y^mcyt^KmLfcO. A*f 

X -r CO -> X 7^ AlifiJtS o 
CO 0 5 2] |5|0tc*5</>T, ^mS.mURlf'r:^ h^^^ 

-y^^mz 1 {cJ:ofg^?nrc^«)£Ra'xxh/^^ 

— y (FTP) A<;n'-K2 2±{Ci^«g?nTt/^SL S I 

2 3{cmm^nx\,>^. ^tz. V- mtt^jaijs-r^.^c 

i60«)Elf 2 4 RO^MStSt 2 5 *^^n^n© V d d i: G 

ND4S?r^J^t>'L S I 2 3cr)GNDikS?^}$*S$ni.G 

^/>LT/^y3>'2 7-^:^J-y M^— 9-2 8JcSEi|§E?n 
Co 0 5 3] MtC, L S I 2 Sti^-^-y-y— >^A%1i>f? 

ytmij'^mm-s )ti!s*> e 3 1 «y yaffitcs^i* 

So 

CO 0 5 4] :^^tc, MiBL s I (Dmmmm^mt^^^ 

yjmt Lr®<D L S I ^-y XDS^titcoW 

Mic<t *5 V - 1 #tt*-■/©^f^^^3Sii■rs?a?£^co^,^ 
TiKB^-r-So 0 1 4 « I d d qmntm^t^ ftp* 

A;'3Lrcm^TLS I cD5=--y7'aBtC'i';i->'*A*tLfc 
•3. AS^L^A>c/ct)-r?.Ci:TV- I !^tt(0^i!l*«^ 

s-r -s ">x 7^ CD X 7^ ^^ii^ic0 ^^-r o 
CO 0 5 5] i5i0jct5v^T> mns.nw.Rtf'rT. h/^^ 

-y%^§l2 UcJ;0^*^nfc^«ffRtfT-XhA^ 
-:y (FTP) A'SJP-H^ 2±{Cj§^^nTV>§LS I 

2 3tc^iii&$nTi^5o sfc, v-m^^m^-r^rc 

46<Dltffiit 2 4 &Q*«»SS1- 2 5 A'^^tl^'n© V d d i: G 

N DJS^P^RO'L S I 2 3©GND!kS^^i$^^n§G 
NDgei^4'ti:^BB$nT*3 0> ^cDfS^A<';r-:7-'l'2 6 



(7) 



t*BS¥ 9- 1 5 2 9 4 
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CO 0 5 6] MfC, L S I 2 3 ii-^ :tZ^^mmir :S>rctb 
S&lcJg-CD'T^tVMS 2«L S 2 3 &r>'jj<— F 2 2 

[0 0 5 7] ^^tymMitcMosmMm^o^^-i-m. 

- c h T r Q 1 ©y- h«11*'«>i— yytc:^o fcm^^ 
#;^^cB$, -i':txmtiC<t OP-chTrQl H 

^7*^M'>-r.i.7u[fe]{c:^ff-r§;''c46s P - c h T r Q 1 CD 

[0 0 5 8] SuieL s i <Dmmmm.^^^t^-^^ 

iKH^-rso la 1 5{i I d d qM«7b^«^-r« ftp^x 
R?.s>f L^A^o ;rc t) -r § c i: -e V - I n-ncomm^^at 

[0 0 5 9] iHliatCfcV^T. ^•Bffi«Mat;f-Xh/^5f 

(FTP) A'<.1?-K2 2±^i:iS«^tlTV^§L S I 
2 3tC«*&?*lTI/>5o V- I1f14^iBiJ«-r5/-c 

4<><D«)Efi- 2 4 Rt^mjSiflt 2 5 ti^^tL^tKD V d d i: G 
NDiffl^r^StfL S I 2 3cDGND4S^^jgSt?n^G 30 

^/>bT/^y3>2 7-^*-:rM^— 9-2 stcSi^^n 

[0 0 6 0] MIC, L S I 2 3««^;&,TO-r?.fci6(C 

<0^-yyfficr)±:^{c«^^3 6A^^S3rnTV>5o 
K^comi-^ 3 6 « L S I 2 3 &tf jK— K 2 2 *-^tyK 
^^fii3 7 4'fi:SB$nTi/^§o 
[0 0 6 1] «^M*ft^/c:, 'l';tVfiiWi:|pI«{CCM 

>'/^— :Jf|al£StC*5l,-'TP - c h T r Q 1 coy— h^ffiA'i 
:t-r>'{C*ofct*cte^#X.fcP#, «??a*ftC<J:0 P- 
c h T r Q 1 coy- h«ffit::«?*^gffi-rs <i itcJ: 0 

* o i: I. ^ ^ S5(Pt ^~ F co^t tH Rltl i: )^ ?. o 
[0 0 6 2] MtC, N - c h T r Q 2 0^— F'MA^^t 

-zfyt,crji'yrziKm(omi,im^mmicj^ ON-chTr so 



-12 

Q 2 ©y- h«®{c«^*<sa-ri>c: i:(c J: 0 F-7 

U-^ttMl*W>-r^7?(p]tcmT-r5/c:i6, N- 
c hT rQ2(Dy— hSffiA^:i--7'yT-^ofci:l/^diK 

F <oj^ta t^^m t^^o 
[0 0 6 3] i;A±<Dj:oic9\-^mm^mt-s^^cti,c 

[0 0 6 4] $6tcJ-X±3S'^rcEni!lO®ffi©X*^. L S 

I (D9\-^mm.<Dmt<Dm^'^t)' c m o s l s i rtai? 

[0 0 6 5] J.;(±£o}*ftti:j;oi$m?nsv- I ^i^ii 

A'ST'^S. 2'::><Dysmti^^^o V- Ilftt*-y©^f* 
V- I !|t14*--/©!|ts^^atBU/-c;^}*T'fe 

[0 0 6 6] 0 1 6«lg-£D?7S%iJi0J!-r«V - I If 14 
ti--7<D±WB^X~h^o cnti^iKl^t-FfcflfmW 

[0 0 6 7] m \ 7{±fe3— V- I ^ 

b, c, d) ^Tjk-t. (Vb, lb), (Vc, I 
c) , (Vd. I d) ffitv S^BBtOfil (04^0. /3> 
y) T-feSo <1 ±IBO&^BBcO{la^ jS, y li^k 

[006 8] a=Ib/(Vb-Va) 
/S= (I c- I b) / (Vc-Vb) 

y = (I d- I c) / (Vd-Vc) 

[0 0 6 9] i;(±cD<J:3(CCMO SiiSlHlSS£DP*gg|5fC^% 

iiSS(P«A<?¥ffi-r^Bf^ i^t±i$ni> V - 1 ifttti&^'TDti 
[0 0 7 0] ^mi^tcv- i !|t'ttco!ttti*>6i!&|i$ 

^:-F^if^{fr«:^}*^ai'<So ^e.A>i:46. asji^* 

-Ft -eOifeliSfceH bT5S^-r S@ffi-«jJit!|t14 4: «0 
iSSL> lH]l^5^5aU— ^aVlCjcOfi^-rSV- lift 

- F^rtiKf?. L s I ©T^vwx^^jfij; K>mmm^^& 



(8) 



nmW- 9- 1 5 2 9 4 
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[0 0 7 1] ^LT. l|X^bfc±IB©V- I '^mi±^ 
[0 0 7 2] mm-^ntzV- I 

[0 0 7 3] *fgB^«±fHcDftSS^JtC|5S^^n5 
[0 0 7 4] ^fc. I d d q{IA^fg^-r 

smsstcts^^T. ^^^cDv- mi4A"«t>A^n(i\ id 20 

[0 0 7 5] 

I^ES«ltcTs ^^6<Jfc C MO S fSll[5]^[^SI5(c5§^L ;rc 

iHi!^rtgi5oi«jiiafci»*^ffi{t^-&s I d d qmmti^ 

[0 0 7 6] $P>{C, *5g0^(Cj;nt±\ li>!?CDiteP*^- 
[0 0 7 7] $8{C> *%0^tcj;nti\ IddqSl^® 
[iaffi<0ffi*:5:i«B-g] 

[01] *f|B^;^S6<D-||fl(i^J©7n-^-\'-FT*^ 
[02] 01 <D7n— ^-v— Ffcfctj-S F T P i: I d d 
[03] 0 2«Di'*-7 7A^P>1^t±lLfc I d d qflSm%« 

F T pz'tonwMEEiammMm. (v - 1 ) ifiso- 

fi?ljT'fe§o 50 
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[04] -S«BE*9lipLfc*^ffiT'(OV- IltltTfe 

[0 5] ULm^±mi^^mj^^L<it'p>u^t\^r^y\^ 

[06] U-^«jJft^-^{C«^fc^^«gT'V- I !|ttt<^) 

[0 7] n.mm.E.i>c/^jixmi£^mmir^tt(D—m<D 

•rA«fi!t0-e^§o 
[08] «i!S«II{c/^>'l/X«EE^«aL.fci:#i:«fiL 

[09] EnAP«IIOffl4^33*{i:Lfci:^©V- I 

[0 10] rSJKiDJS^L:^*^?. V- I !|^1±C0^l!l*SiJ^ 

[0 11] LS I ^i*^SJSiPjiL;rci:thLT 1/^:^1/^ 

[0 12] SJSAnJitciS V - I ^140^K%iJiWr§ 

[013] LSI f--y yaatc^coAWOW^tcJ: 0 V 

o 

[014] LSI f-^:yfmmi<C^^>(D?m<D^mit:^ 

•5 V - 1 n^<Dm}^^&t?>^m(o-'m^mrm^m 

[0 15] LSI ^-y^Sffitctt^cDB^titOW^^cJ:*? 

V- 1 ^^(D^m^^iit^mm<D-m^^s-rm^mx 

[0 16] m.&^~h'^m^ir?>rcmcm^^?>y/-im 

[0 1 7] »[Ki^r-F;SrJi^-r5rci6(D>'^^p<-^i;b 
Tfflv^s V- I !|^14A-:/(D!|tS5SRt>'U-^<D^E« 

[0 1 8 ] X 5 -y ~> a i -5 L S I <DmiSx(Drc 

[01 9] Y-hmimt^-hmm<D^-'f>^B.(o 
[^^«l«0^] 

11-15 *f8W7^}*O-*S60iJ<D^X'r>y:/ 
2 1 ^lllIlt®&0*-rXF/^^->%^t§ 
2 2 F 

2 3 izmmMm\s\m (ls n 

2 4 «JEft 

2 5 fl:r5^tlt 

2 6 ^—7";!/ 

2 7 y-?-;i'a:/kf3.— (/^ynv) 

2 8 *--7FU— 9- 

2 9 /•^;t/X^Sjli 

3 0 ffl^Mfil 
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3 1 yt 

3 2 '<:t>M 
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^1 2 



1 4 



sisftffiic J: y V - 1 <mo«n»aEE c*} 

— v 



.1 3 



^1 5 



1 . -0BjEVSMB-CtiE)SmiAl 

5. LS I ^OiSiSlltii 

7. LS I y-T^r^rc-f ^VWI* 

8. LS 1 9-:,'f±\cm=f-^im 



FTP :tt31fiN^;iM»-V 
Iddq :»iii«6SlU|}«9-m3{£ 

v-i^:iiasniscMT««3n9ft 



3 4.37 
3 6 «?tft 
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IS1 07a-^f- HC«tf«FTP4;lddqfi|OBMM!)— «*jwry57 



I ddqfi 



d d qiidDJlftt 



d d qeoA^g 



PI P2 



•FTP 



-Vd d 




GND 



[03] [04] 
ia2«>«^7-74^€>3|«aLfcl ddqiaiSLb*^«FTP-C<D«liffi — 3Wffi*B«niUfctt»T«>V- l«tt 




Vconst. 
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!|^F^¥9- 1 5 2 9 4 



[06] 



[07] 



Iconst. 




^ V 



21 



ruip 




27 ^<V3V 



PC98 



28 



2 2 : >K- K 

23 : LS I 

2 4 :«mt 
25 

2 6 : ^--^/ir 



[08] 



mifi£|CKitxKJE«r9aCrft:<S:3£fiSLTl'«l'&Sa«>V'if$tt 



[09] 




(11) 
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[01 0] 



[0 11] 




27 ^<V3V 



□ 



PC98 



28 



2 2 : tK- H 
23 : LS I 
2 4 : mSSf 
25 

2 8 : ^-:/JV 




[0 1 2] 

smasc J: « V - 1 4m«>aE»«-imr « ^ sBteg 

-Vdd 

Q1 



4^1 

Q2 



.GND 



im 1 3] 




2 2 : F 
23 : LS t 
2 4 : SEfft 

2 5 : mm 

2 6 : ^--ril' 
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[01 5] 

LSI 9^ 9 yS^f^ili'FOAAO^ftlc J: ij V- l4$ttCE>aQtt«tt9-r«M 




[01 6] 
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[01 7] 
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